Introduction
Seismotectonic studies of northern Algeria indicate that the region is characterized by NE±SW and E±W-trending folds and active thrust faults that are forming in response to collision between the Eurasian and African plates (Philip and Thomas, 1977; Philip and Meghraoui, 1983) . There have been repeated moderate to strong earthquakes in the region (Table 1) .
The recent tectonic activity in this region is also recorded in the geomorphology, particularly where streams traverse areas that are undergoing active uplift. The analysis of drainage patterns provides useful information about the evolution and recent history of faulting that may be difficult to obtain by conventional geological methods (e.g. Jackson and Leeder, 1994; Jackson et al. 1996) .
In this study, digitized topographic data (50 m accuracy) are used to analyse drainage systems in two regions: (i) the El Asnam region where there have been repeated strong historical earthquakes and recent changes in the drainage pattern have occurred; and (ii) the Thenia region east of Algiers where similar morphological features are observed. This region shows a moderate historical seismic activity, with macroseismic epicentres located along the Thenia fault. Evidence of recent changes in the drainage system near the fault raises questions about its activity and capability of generating strong earthquakes.
Seismotectonic setting
The study regions include the Cheliff and Mitidja basins (Fig. 1) . These structural basins formed during the Miocene as a result of N±S extension (Guiraud, 1977; Philip, 1987) , but since the Pliocene the region has been undergoing N± S to NNW±SSE compression (Guiraud, 1977; Philip and Thomas, 1977; Philip and Meghraoui, 1983; Philip, 1987) . That compression is still active as demonstrated by the historical and instrumental seismicity (Fig. 1) . Earthquake epicentres occur primarily around the Cheliff and Mitidja basins, which are bordered by active fault zones. Earthquake focal mechanisms generally indicate NNW±SSE compression on ENE-trending thrust faults.
The Haut (high) Cheliff basin is bordered on the north by the El Asnam fault, which has been referred to also as the Oued Fodda fault. Slip on this NE-trending thrust fault generated earthquakes in 1954 and 1980 (Table 1) .
The Mitidja basin is bordered on the north by the Plio-Quaternary Sahel anticline that has formed above a blind thrust (Meghraoui, 1990) . This anticline is segmented by several NWtrending, right-lateral strike-slip faults that displace Plio-Quaternary deposits in the western part of the basin (Boudiaf, 1996) . At the NW end of the basin, pre-Neogene rocks of the Chenoua massif are thrust over Plio-Quaternary deposits. The 1989 Tipasa earthquake (Table 1) was generated by thrust movement on the Tipasa fault. The NE-trending alignment of aftershocks associated with this event delineates the offshore extension of the fault.
The NE-trending Blida massif forms the southern border of the Mitidja basin. Near the city of Blida, Mio-Pliocene rocks are deformed by NE-trending faults and folds (BleÁ s, 1971) . The occurrence of microseismicity in this area suggests that these features are still active. Morphotectonic analyses by Boudiaf (1996) indicate that there has been Quaternary faulting along this border of the Mitidja basin.
The NE margin of the Mitidja basin is bordered by the Thenia fault, which trends NW and extends offshore Algiers (Fig. 1) . The activity of the Thenia fault is uncertain. Historical earthquakes (ML 4 5.2) have occurred in the vicinity of the fault (CRAAG, 1994) , but have not been attributed conclusively to slip on the Thenia fault. (Philip and Meghraoui, 1983) and intense deformation of the uplifted block (Ruegg et al., 1982; Avouac et al., 1992) . The fault strikes NE and dips 50±608 NW (King and VitaFinzi, 1981; Ouyed et al., 1980; Yielding et al., 1981) (Fig. 2) . A geodetic and levelling survey made a few weeks after the earthquake showed that the northern block was uplifted about 5 m and that the Cheliff basin subsided about 1 m (Ruegg et al. 1982) . This deformation resulted in the temporary damming of the Ech Cheliff River and the formation of a temporary lake east of the El Asnam anticline. The 1980 earthquake and its effects have been described in numerous geological and seismological papers, but little attention has been paid to the morphotectonic evolution and growth of the El Asnam structure. Based on topographic levelling data and geological and seismological observations, Avouac et al. (1992) showed that the fault is propagating toward the SW. In this paper, digital elevation models are used to evaluate the effects of the active tectonic uplift on the Fodda River. The digital elevation models were obtained by manually digitizing 1: 50,000-scale topographic maps of the El Asnam and Oued Fodda sheets (the accuracy resulting from digitizing is 50 m). Figure 2 shows the morphology of the central part of the Cheliff basin and the El Asnam anticline. At Sarat Al Bahri, the elevation of the Pliocene age anticlinal ridge is 510 m. The elevation decreases to the SW along the structure to El Ardja, where the elevation is 200 m. The anticline is asymmetric, with a steeply dipping southern flank and a more gently dipping NW flank.
Three valleys traverse the anticline: the present channel of the Ech Cheliff River and two abandoned palaeovalleys of the Fodda River (Fig. 2) . The Ech Cheliff River valley is the most deeply incised. The course of the river through this valley is assumed to have been established during the late Pliocene, when the anticline started to grow (J.C. Bousquet, pers. comm. 1998 ). The present channel of the Fodda River joins the Ech Cheliff River near El Ardja at the mouth of the canyon through the anticline.
The two palaeovalleys can be seen clearly on the digital elevation model (Fig. 2a) . Meghraoui (1988) , Swan et al. (1984) ) and Swan (1988) described the southern palaeovalley, northwestward of Sidi Ada. It has a wide floor and is incised about 150 m below the crest of the ridge. Uplifted meander scars along this valley are 50 m higher than the present channel. Deposits associated with the palaeochannel contain crossbedding that indicates flow toward the north, and the lithologies of the gravel clasts indicate a southern origin similar to the modern channel of the Fodda River (Swan et al. 1984; Swan, 1988) .
On the digital elevation model, a second transverse palaeovalley, which has not been described previously, is apparent NW of Bou Mediane (Fig.  2a) . This palaeovalley is incised about 100 m below the crest of the ridge. The floor of the palaeovallley is 120 m above the present channel of the Fodda River (i.e. about 70 m higher than the Sidi Ada palaeovalley). The higher elevation of the Bou Mediane valley indicates that it is the older of the two palaeovalleys. The greater width of the Sidi Ada valley and the occurrence of meander scars suggest that this valley was occupied by an active river channel much longer than the Bou Mediane valley.
The Sidi Ada and Bou Mediane palaeovalleys are interpreted to represent successively older watercourses of the 
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Oued Fodda Fodda River. The riverbed shifted over time in response to uplift and the southwestward propagation of the El Asnam anticline, as shown on Fig. 3 . The Ech Cheliff River was able to maintain its original channel across the anticline because it has a much larger drainage area and greater flow than the Fodda River. The inferred sequence of drainage diversions (Fig. 3) is consistent with the southward propagation of the El Asnam anticline proposed by Avouac et al. (1992) . Based on the geological effects associated with the 1980 earthquake, the southward propagation and growth of the El Asnam anticline is inferred to have occurred as a result of repeated coseismic displacements on the El Asnam thrust fault.
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Thenia fault
The Thenia fault forms the boundary of the NE Mitidja basin (Fig. 1) . Its northwestern projection extends within a few kilometres of Algiers. Definitive evidence of Quaternary displacement on this fault has not been reported. Based on comparison to the Sahel anticline west of Algiers, Glangeaud et al. (1952) inferred that the Pliocene formations east of Algiers were deformed.
The fault is best expressed along its southeastern end, where it strikes N1208E and juxtaposes the Miocene granodiorite that underlies the Thenia massif (Belanteur et al., 1995) to the north against Pliocene marl to the south. Offset streams observed on aerial photographs suggest right-lateral slip along this segment of the fault. This is consistent with fault slip data measured in the granodiorite that indicate conjugate right-lateral and left-lateral strike slip along N1408E-and N0208E-trending shears, respectively (Aite, 1994) .
North-west of Boumerdes, the digital elevation model (Fig. 4) shows a N1208E-trending scarp at an elevation of about 50 m. The scarp, shown on Fig. 4(b) , is in Plio-Quaternary deposits, suggesting there has been recent tectonic activity. The uplifted southern block indicates a reverse component of the fault, consistent with the regional NNW±SSE compression. The segment of the fault trace is not evident on aerial photographs, because it is obscured by urban development.
Historical seismicity data (Mezcua and Martinez, 1983; Benhallou, 1985; Ambraseys and Vogt, 1988; Bennouar, 1994; CRAAG, 1994) indicate that the area around the Thenia fault is characterized by a moderate level of earthquake activity. No historical earthquakes have been attributed definitely to slip on the Thenia fault. The largest earthquake reported in the vicinity of the fault is the 16 September 1987 earthquake (Ms 5.3). The epicentre of this event is indicated by letter`G' on Fig. 1 . A tsunami generated by the 1365 Algiers earthquake (intensity IX; letter A' on Fig. 1) indicates an offshore source that is consistent with the north-west extension of the Thenia fault. Similarly, the 1961 Bay of Algiers earthquake (intensity V; letter`D' on Fig. 1 ) may have been associated with the offshore extension of the Thenia fault.
Analysis of aerial photographs and digital elevation models of the area east of Thenia and south of Isser (Fig. 4a) provides additional evidence that this is an active tectonic region. Figure 5 (a) is a digital elevation model of the onshore and offshore topography of this region. As seen on this figure, the region between the Thenia fault and the mouth of the Isser River includes two areas characterized by markedly different relief. In the west is the elevated Thenia massif, characterized by very steep topography. The more uniform hilly area to the east is underlain by Pliocene M e d i t e r r a n e a n 
Sidi Ali Messaoud
After Chemlal (1983) and our investigations sediments that are capped locally by Quaternary alluvial terraces of the Isser River (Fig. 4b) . Near the village of Sidi Ali Messaoud, the northward-flowing Isser River is diverted to the east. North of the river diversion, there is a 10-km-long, 500-m-wide valley that trends N±S across the uplift. An underfit stream, the Meurdja River, flows northward along this valley. The river valley appears to be oversized compared to the present size of the Meurdja River. Immediately north of this valley, the Mediterranean margin is deeply incised by the Algiers Canyon (C.O.I.- UNESCO, 1981) . Here again, the size of the canyon appears to be out of proportion relative to the small drainage area of the Meurdja River (Fig.  5b) . The large valley is interpreted to correspond to an abandoned palaeovalley of the Isser River.
The area between this palaeovalley and the present channel of the Isser River has a mean elevation of 120 m and is characterized by gently rolling hills eroded into Pliocene marl. A series of seven alluvial terraces has been described along the eastern flank of this uplifted area by De La Motte (1911) and Chemlal (1983) . The distribution of the four highest terraces is shown on Fig. 5(b) . Terrace T1 (the Ouled Borr plateau), the highest alluvial surface, occurs west of the Meurdja River at an elevation of 200 m. It is underlain by gravel containing clasts of metamorphic schist, phillite, sandstone, and quartzite. The gravel lithologies are consistent with the upper part of the Isser River drainage basin to the south in the Tellian mountains (Chemlal, 1983) . A series of three stepped terraces are found west of the Isser River. Erosional remnants of terrace T2 (elevation 141±164 m) are found only as gravel caps on the marly Pliocene hills, whereas terraces T3 (90±108 m) and T4 (64±70 m) are more extensive. Unlike terraces T1, T2, T3, and T4, which are found only on the west side of the Isser River, terraces T5 (45 m), T6 (30 m), and T7 (15 m) are paired terraces that occur on both sides of the river.
Chemlal (1983) correlates four uplifted`beaches' (marine terraces) with the alluvial terraces. The highest marine terrace, B1 (105 m) is found only south of Mandoura. The terrace surface dips 5±88 north. In the west, the terrace deposits overlie Pliocene marl; in the east, they overlie terrace T3 (Fig.   5b ). Terrace B2 (40 m) corresponds to the plateau of Mandoura. Terrace B3 (15±30 m) is overlain by consolidated sand dune deposits, B4 (0±15 m) corresponds to the modern beach.
The distribution of these marine and alluvial terraces indicates there has been continuous uplift of this area during the Quaternary (e.g. Lajoie, 1986) . Alluvial terraces T1 through T4 occur only on the west side of the river. The distribution of these terraces (Fig. 5) suggests that the uplift has been greater to the west, forcing the channel of the Isser River to migrate continuously eastward. Also, differences in elevation of the same terrace (e.g. terraces T2 and T3) indicate that uplift is more pronounced in the south than in the north. Figure 7 is a schematic representation of three stages in the Quaternary evolution of the Thenia fault and the Isser drainage. During an early stage (a), the Isser River flowed north, and its mouth was near Zemmouri Al Bahri. Gravel derived from south of this region was deposited on the Ouled Borr plateau (terrace T1); subsequent erosion resulted in the formation of the Meurdja valley on land and the Algiers Canyon on the Mediterranean margin. Continued uplift eventually diverted the Isser River to the east (Fig. 7b) . The channel that flowed along the Meurdja valley was abandoned, and a new channel was established along terrace T2. The drainage pattern and the distribution of terrace T2 indicate that this diversion occurred near Sidi Ali Messaoud, near the southeastern tip of the Thenia fault. No T2 terrace deposits are found south of the fault, suggesting that the stream diversion was the result of uplift of the northern fault block. The distribution of terraces T3 through T7 (Fig. 7c) indicates that the river has continued to migrate eastward. The abrupt river diversion occurred where the fault orientation bends to a more northeastern strike. Beyond this bend, the progressive eastward shift of the river is explained by the uplifting topography due to reverse movement along this part of the fault.
The distribution of the marine and alluvial terraces in this region suggests that uplift progressed both northward and eastward during the Quaternary. This distribution is consistent with the inferred NNE±SSW compression and with geological structures observed elsewhere in northern Algeria. The uplift is interpreted to be the result of the active eastward propagation of the Thenia fault.
Conclusions
The use of remote sensing data, particularly digital elevation models of topographic data, enable us to reconstruct stream diversions and changes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . El Asnam fault, there is only weak seismologic evidence for earthquake activity associated with the Thenia fault. However, the similarity in the diversions of the Isser River to diversions of the Fodda River and the strong geomorphic evidence for Quaternary uplift associated with the Thenia fault indicate that this fault also is tectonically active and should be considered to be one of the major seismic sources in the vicinity of Algiers. These two examples of Quaternary growing structures show the recency of compressional deformations in Algeria. Moreover, the growth of these faults by direct increase of their lengths suggest a potential increase of earthquake magnitudes with time.
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